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@ EXW QRQH RI WKHP VWXG\
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DOXPLQXP DOOR\V DUH QRW VXIILFLHQWO\ VWLII RU VWURQJ IRU PDQ\ SXUSRVHV DQG WKHLU UHLQIRUFHPHQW LV QHFHVVDU\
$OXPLQXPEDVHGPHWDOPDWUL[FRPSRVLWHV 00&VDUHRXWVWDQGLQJIRUDSSOLFDWLRQVRZLQJ WR WKHKLJKGXFWLOLW\RI
WKHPDWUL[DQGWKHKLJKVWUHQJWKRIWKHKDUGUHLQIRUFLQJSKDVHV8QIRUWXQDWHO\VXFKPDWHULDOVDUHGLIILFXOW WRIRUP
GXHWRWKHLULQWULQVLFSRRUGXFWLOLW\FDXVHGE\WKHSUHVHQFHRIWKHXQGHIRUPDEOHUHLQIRUFLQJSKDVHSDUWLFOHV$OWKRXJK
SUHYLRXV LQYHVWLJDWLRQV IRFXVHG RQ RQO\ $O DOOR\ EXW QRQH RI WKH ZRUN IRFXVHG RQ 00&V 7KH EHKDYLRU RI
FRQYHQWLRQDODOOR\DQGWKHLU00&VDUHGLIIHUHQW LQQDWXUHVXFKDVKLJKFRQFHQWUDWLRQRIGLVORFDWLRQVDWWKHPDWUL[
SDUWLFOHLQWHUIDFHVYRLGJURZWKRULJLQDWLQJIURPPLFURYRLGVJHQHUDWHGGXULQJSULRUWKHPRPHFKDQLFDOKLVWRU\RIWKH
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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RQUHLQIRUFHPHQWEXWDOVRRWKHUSDUDPHWHUVVXFKDVQXPEHURISDVVHVKHDW WUHDWPHQWVWUDLQUDWHRI5&6DQGHYHQ
WKLFNQHVVRIWKHVSHFLPHQ,QWKLVSUHVHQWVWXG\PHFKDQLFDOEHKDYLRUXOWLPDWHWHQVLOHVWUHQJWKDQGGXFWLOLW\ZHUH
SUHGLFWHGWKURXJKVWDWLVWLFDODQDO\VLVDWGLIIHUHQWFRQGLWLRQVDQGILQGWKHHIIHFWVRIVWUDLQUDWHQXPEHURISDVVHVKHDW
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LQWHUPVRISHUFHQWDJHHORQJDWLRQZHUHPHDVXUHG
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QXPEHU RI H[SHULPHQWV WR WZHQW\ ILYH 7ZHQW\ ILYH GLIIHUHQW H[SHULPHQWV ZHUH SHUIRUPHG XVLQJ WKH GHVLJQ
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)LJ VKRZV WKH PHDQ XOWLPDWH WHQVLOH VWUHQJWK UHVSRQVHV JUDSKLFDOO\ ,W LV VHHQ WKDW IRU VSHFLILHG FRQGLWLRQV
QXPEHURISDVVHVDQGWKHZWRI6L&KDYHKLJKVLJQLILFDQWHIIHFWVIROORZHGE\VWUDLQUDWH 'XULQJKHDWWUHDWPHQW
KDYH VPDOO HIIHFWV DQG WKLFNQHVV RI WKH VDPSOH VKRZV QR VLJQLILFDQW HIIHFW RQ876 7KH JUDSKV FRQFOXGHG WKDW
QXPEHURISDVVHVDQGZWRI6L&KDYHUDQNDQGUDQNUHVSHFWLYHO\DQGIROORZHGE\KHDWWUHDWPHQWUDQN
VWUDLQ UDWH UDQN  DQG WKLFNQHVV RI WKH VDPSOH UDQN   3DUDPHWHU GHVLJQ LV DQ DQDO\VLV WRRO WKDW DOORZV WKH
VHOHFWLRQRI RSWLPXP OHYHOV IRU WKHJLYHQ H[SHULPHQWDO YDULDEOHV ,Q WKLV VWXG\ WKHZWRI6L&DQGQXPEHURI
SDVVHVFRPELQDWLRQV WKDW SURGXFHRSWLPDO WHQVLOHSHUIRUPDQFHDUH LGHQWLILHGXVLQJSDUDPHWHUGHVLJQ  ,W LVHDV\ WR
ILQG WKHRSWLPDOFRPELQDWLRQRI IDFWRU OHYHOVQHFHVVDU\ WRDFKLHYHSHDNVWUHQJWKYDOXHV PD[LPLVH876 6L&
ZWVWUDLQUDWHPPPLQQXPEHURISDVVHVWKLFNQHVVPPDQGGXUDWLRQRIKHDWWUHDWPHQWKRXUV
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ZWRI6L&VWUDLQUDWHQXPEHU RISDVVHVWKLFNQHVVDQGKHDWWUHDWPHQW1XPEHURISDVVHV5&6DQGWKLFNQHVVRI
WKHVSHFLPHQVKDYHQRLQIOXHQFHRQGXFWLOLW\KHDWWUHDWPHQWKDVPRGHUDWHLQIOXHQFHRQGXFWLOLW\EXWZWRI6L&DQG
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+HQFHWKHFRPELQDWLRQHIIHFWRIERWK6L&DQGWKLFNQHVVLQGLUHFWO\YDULHVGXHWROHDVWRUQRFRQWULEXWLRQRIWKLFNQHVV
RQWKH876RI00&V
)LJVKRZVWKHLQWHUDFWLRQHIIHFWRIZWRI6L&DQGKHDWWUHDWPHQWGXUDWLRQ RQ876RI$O6L&00&V7KHFRORU
GLVWULEXWLRQ DOPRVW OLQHDUO\ YDULHV LQ ERWK GLUHFWLRQV +HQFH FRPELQHG HIIHFW DPRXQW RI 6L& DQG KHDW WUHDWPHQW
GXUDWLRQDOPRVWOLQHDU)LJVKRZVFRPELQHGHIIHFWRIVWUDLQUDWHDQGQXPEHURISDVVHVRQXOWLPDWHWHQVLOHVWUHQJWK
RI$O6L&00&V7KHFRORXUGLVWULEXWLRQXQLIRUPRQO\LQ[GLUHFWLRQQXPEHURISDVVHVKHQFH876GLUHFWO\YDULHV
ZLWKQXPEHURISDVVHV )LJVKRZVFRPELQHGHIIHFWRIVWUDLQUDWHDQGQXPEHURISDVVHVRQXOWLPDWHWHQVLOHVWUHQJWK
RI$O6L&00&V ,Q \ GLUHFWLRQ WKH FRORXU GHQVLW\ YDULDWLRQ FRXOG EH VHHQ OHDVW KHQFH QR FRQWULEXWLRQ FRXOG EH
VHHQ)LJVKRZVWKHFRORXUFRPELQDWLRQRIFRPELQHGHIIHFWRIVWUDLQUDWHDQGKHDWWUHDWPHQWGXUDWLRQRQWKH876
RI FRPSRVLWHV 7KH &RPELQHG FRPELQDWLRQ LV LUUHJXODU DQG SDWFKHV OLNH VWUXFWXUHV  $OWKRXJK KHDW WUHDWPHQW
FRQWULEXWLRQLVVHHQLQLQGLYLGXDOIDFWRUEXWQRFRQWULEXWLRQRIVWUDLQUDWHLVVHHQ+HQFHWKHLQWHUDFWLRQRIVWUDLQUDWH
DQGKHDWWUHDWPHQWXQSUHGLFWDEOH
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,QWHUDFWLRQIDFWRUV HIIHFWRQXOWLPDWH WHQVLOHVWUHQJWKRI$O6LF00&V
)LJ ,QWHUDFWLRQIDFWRUV HIIHFWZW6L&DQGVWUDLQUDWHRQ
XOWLPDWHWHQVLOHVWUHQJWKRI$O6L&00&V
)LJ  ,QWHUDFWLRQIDFWRUVHIIHFWZW6L&DQGQXPEHURISDVVHV
RQXOWLPDWHWHQVLOHVWUHQJWKRI$O6L&00&V
)LJ  ,QWHUDFWLRQIDFWRUVHIIHFWZW6L&DQGWKLFNQHVVRIWKH
VSHFLPHQRQXOWLPDWHWHQVLOHVWUHQJWKRI$O6L&00&V
)LJ  ,QWHUDFWLRQIDFWRUVHIIHFWZW6L&DQGKHDWWUHDWPHQW
GXUDWLRQRQXOWLPDWHWHQVLOHVWUHQJWKRI$O6L&00&V
)LJ ,QWHUDFWLRQIDFWRUVHIIHFWVWUDLQUDWHDQGQXPEHURISDVVHV
RQXOWLPDWHWHQVLOHVWUHQJWKRI$O6L&00&V
)LJ  ,QWHUDFWLRQIDFWRUVHIIHFWVWUDLQUDWHDQGWKLFNQHVVRQ
XOWLPDWHWHQVLOHVWUHQJWKRI$O6L&00&V
)LJ  ,QWHUDFWLRQIDFWRUVHIIHFWVWUDLQUDWHDQGKHDWWUHDWPHQW
GXUDWLRQRQXOWLPDWHWHQVLOHVWUHQJWKRI$O6L&00&V
)LJ  ,QWHUDFWLRQIDFWRUVHIIHFWQXPEHURISDVVHVDQGWKLFNQHVV
RQXOWLPDWHWHQVLOHVWUHQJWKRI$O6L&00&V
)LJ QXPEHURISDVVHVDQGKHDWWUHDWPHQWGXUDWLRQRQ 876 )LJ WKLFNQHVVDQGKHDWWUHDWPHQW RQ876
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)LJVKRZVWKHFRORXUFRPELQDWLRQRIFRPELQHGHIIHFWRIQXPEHURISDVVHVDQGWKLFNQHVVRI00&VRQ8767KH
FRORXUGHQVLW\GLVWULEXWLRQDORQJ\D[LVQXPEHURISDVVHVOLQHDUO\GLVWULEXWHGDQGDOVRKLJKGHQVLW\FDQDOVREHVHHQ
LQ WKLV GLUHFWLRQ ,W LV HYLGHQFH QXPEHU RI SDVVHV LV KLJKO\ LQIOXHQFH RQ 876 RI FRPSRVLWHV %XW LQ [ GLUHFWLRQ
WKLFNQHVV FRORXU GHQVLW\ LV OHDVW DQG KHQFH LWV FRQWULEXWLRQ DOVR OHDVW RQ876 )LJ  VKRZV FRQWRXU SORWV RI
QXPEHURISDVVHVDQGKHDWWUHDWPHQW7KHFRPELQHGHIIHFWDOPRVWEDQGZLVHRQO\IHZSDWFKHVFDQEHVHHQ+HQFH
WKHFRPELQHGHIIHFWRQ876LVDOPRVWOLQHDU7KHPD[LPXP876FDQEHVHHQDWWRKRXUVKHDWWUHDWPHQWUDQJH
)LJVKRZVFRQWRXUSORWVRIWKLFNQHVVDQGKHDWWUHDWPHQWGXUDWLRQIRU876RI00&V7KHFRPELQHGHIIHFWPRUH
EDQGVWKDQSDWFKHV7KLVPHDQVWKHKHDWWUHDWPHQWDQGWKLFNQHVVFRQWULEXWLRQFDQEHVHHQ7KH876GLUHFWO\GHSHQGV
RQKHDWWUHDWPHQWKHQFHWKHGDUNFRORXUVHHQULJKWERWWRPVLGH%XWWKHWKLFNQHVVFRQWULEXWLRQRQ876LVQRWYLVLEOH
LQ\GLUHFWLRQ
 (IIHFWRI LQWHUDFWLRQIDFWRUVRQ'XFWLOLW\
7KHFRORXUFRPELQDWLRQRIFRPELQHGHIIHFWRIZWRI6L&DQGVWUDLQUDWHRQGXFWLOLW\RI$O6L&00&VLVJLYHQLQ
)LJ7KHFRORXUEDQGFOHDUO\VHHQLQERWKGLUHFWLRQZLWKRXWSDWFKHV7KLVLQGLFDWHGWKDWERWKDPRXQWRI6L&DQG
VWUDLQUDWHLQGLUHFWO\LQIOXHQFHRQGXFWLOLW\RIWKHFRPSRVLWHV/RZHUVWUDLQUDWHLQGLFDWHVORZHUDPRXQWRI6L&RI
00&VVKRZKLJKHUGXFWLOLW\)LJVKRZV WKHFRPELQHGHIIHFWRI6L&DQGQXPEHURISDVVHVZLWKFRORXUEDQGV
ZLWKPRUHSDWFKHV,WPHDQVDQ\RQHRIWKHSDUDPHWHUQRWOLWWOHLQIOXHQFLQJRQGXFWLOLW\)LJVKRZVFRPELQHG
HIIHFW VWUDLQ UDWH DQG QXPEHU RI SDVVHV RQ GXFWLOLW\ RI $O6L& 00&V 7KH VWUDLQ UDWH LQYHUVHO\ FRQWULEXWHV RQ
GXFWLOLW\GXH WRPRUHQXPEHURIFRORXUFRPELQDWLRQVDORQJ\GLUHFWLRQ7KHQXPEHURISDVVHVKDVSRVLWLYH  OHDVW
FRQWULEXWLRQRQGXFWLOLW\RI00&V)LJ VKRZV LQWHUDFWLRQRIERWK VWUDLQ UDWHDQG WKLFNQHVVRQ WKHGXFWLOLW\RI
$O6L&00&V2QO\FRORUEDQGVDUHFKDQJHGDORQJ\GLUHFWLRQVWUDLQUDWHQRWLQ[GLUHFWLRQ,WPHDQVWKHVWUDLQ
UDWHQHJDWLYHLQIOXHQFHRQGXFWLOLW\EXWWKLFNQHVVKDVQRLQIOXHQFHRQGXFWLOLW\RI00&V)LJVKRZVFRPELQHG
HIIHFW VWUDLQ UDWH DQG QXPEHU RI SDVVHV RQ GXFWLOLW\ RI $O6L& 00&V 7KH VWUDLQ UDWH LQYHUVHO\ FRQWULEXWHV RQ
GXFWLOLW\GXH WRPRUHQXPEHURIFRORXUFRPELQDWLRQVDORQJ\GLUHFWLRQ7KHQXPEHURISDVVHVKDVSRVLWLYH  OHDVW
FRQWULEXWLRQRQGXFWLOLW\RI00&V)LJ VKRZV LQWHUDFWLRQRIERWK VWUDLQ UDWHDQG WKLFNQHVVRQ WKHGXFWLOLW\RI
$O6L&00&V2QO\FRORXUEDQGVDUHFKDQJHGDORQJ\GLUHFWLRQVWUDLQUDWHQRWLQ[GLUHFWLRQ,WPHDQVWKHVWUDLQ
UDWH QHJDWLYH LQIOXHQFH RQ GXFWLOLW\ EXW WKLFNQHVV KDV QR LQIOXHQFH RQ GXFWLOLW\ RI 00&V )LJ  VKRZV WKH
FRPELQHG HIIHFW RI VWUDLQ UDWH DQG KHDW WUHDWPHQW RQ GXFWLOLW\ RI $O6L&00&V 7KH JRRG FRQWULEXWLRQ RI KHDW
WUHDWPHQW FRXOG EH VHHQ DW  KRXU KHDW WUHDWPHQW DW ORZHU VWUDLQ UDWH ,Q WKLV FRPELQDWLRQ DOVR VKRZV VWUDLQ UDWH
QHJDWLYHFRQWULEXWLRQRQGXFWLOLW\7KHFRORXUGHQVLW\FRPELQDWLRQ RIQXPEHURISDVVHVDQGWKLFNQHVVLVVKRZQLQ
)LJ7KLFNQHVVRIWKHVSHFLPHQDQGQXPEHURISDVVHVKDYHVPDOOFRQWULEXWLRQWRZDUGVLPSURYHPHQWRIGXFWLOLW\
RI00&V 7KHPP WKLFNQHVVDWSDVVDQGPP WKLFNDWSDVVHV VKRZVPD[LPXPFRQWULEXWLRQRQGXFWLOLW\
$O6L& 00&V $ VLPLODU WUHQG FDQ EH VHHQ EHWZHHQ QXPEHU RI SDVVHV DQG KHDW WUHDWPHQW EHFDXVH RI OHDVW
FRQWULEXWLRQRIERWKIDFWRUVRQGXFWLOLW\RIFRPSRVLWHV+HDWWUHDWPHQWGXUDWLRQRIKRXUVFRQWULEXWHPRUHIRURQH
SDVVDQGKRXUFRQWULEXWH IRUSDVVHVDQGKRXUFRQWULEXWH IRUSDVVHVDQGVRRQDV VKRZQ LQ)LJ/DVWO\
FRQWRXUSORWRIGXFWLOLW\YV WKLFNQHVVDQGKHDW WUHDWPHQWRI$O6L&00&VDVVKRZQLQ)LJ  ,W LVDOVR VKRZV
PD[LPXP SDWFKHV EXW QRW FRORXU EDQGV KHQFH QR FRPELQHG HIIHFW RQ GXFWLOLW\ RI 00&V FDQ EH VHHQ  RQO\
PD[LPXPFRQWULEXWLRQRIKHDWWUHDWPHQWDQGWKLFNQHVVFDQEHVHHQKRXUVDQGPPWKLFNQHVVUHVSHFWLYHO\
1935 H.S. Siddesha and M. Shantharaja /  Procedia Materials Science  5 ( 2014 )  1929 – 1936 
,QWHUDFWLRQIDFWRUV HIIHFW RQGXFWLOLW\RI $O6LF00&V
)LJ ,QWHUDFWLRQIDFWRUVHIIHFWZW6L&DQGVWUDLQUDWHRQ
GXFWLOLW\RI$O6L&00&V
)LJ ,QWHUDFWLRQIDFWRUVHIIHFWZW6L&DQGQXPEHURISDVVHV
RQGXFWLOLW\RI$O6L&00&V
)LJ ,QWHUDFWLRQIDFWRUVHIIHFWZW6L&DQGWKLFNQHVVRQ
GXFWLOLW\RI$O6L&00&V
)LJ ,QWHUDFWLRQIDFWRUVHIIHFWZW6L&DQGKHDWWUHDWPHQWRQ
GXFWLOLW\RI$O6L&00&V
)LJ ,QWHUDFWLRQIDFWRUVHIIHFWVWUDLQUDWHDQGQXPEHURI
SDVVHVRQGXFWLOLW\RI$O6L&00&V
)LJ ,QWHUDFWLRQIDFWRUVHIIHFWVWUDLQUDWHDQGWKLFNQHVVRQ
GXFWLOLW\RI$O6L&00&V
)LJ  ,QWHUDFWLRQIDFWRUVHIIHFWVWUDLQUDWHDQGKHDWWUHDWPHQW
RQGXFWLOLW\RI$O6L&00&V )LJ ,QWHUDFWLRQIDFWRUVHIIHFWQXPEHURISDVVHVDQGWKLFNQHVV
RQGXFWLOLW\RI$O6L&00&V
)LJ ,QWHUDFWLRQIDFWRUVHIIHFWQXPEHURISDVVHVDQGKHDW
WUHDWPHQWGXUDWLRQRQGXFWLOLW\RI$O6L&00&V
)LJ ,QWHUDFWLRQIDFWRUVHIIHFWWKLFNQHVVDQGKHDWWUHDWPHQWRQ
GXFWLOLW\RI$O6L&00&V
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 &RQFOXVLRQ
$WWKLVSRLQWLWFDQEH GHGXFHGWKDWDVIDUDVSURSHURSWLPL]DWLRQRISDUDPHWHUVDUHQHHGHGIRUPD[LPL]H8OLPDWH
7HQVLOH6WUHQJWK DQGGXFWLOLW\RI$O6L&FRPSRVLWHV REWDLQHGE\XVLQJWKH5&6QXPEHURISDVVHV5&6VWUDLQ
UDWHVSHFLPHQWKLFNQHVVKHDWWUHDWPHQWDORQJZLWKDPRXQWRI6L& 7KHUHVXOWVVKRZVZWRI 6L&DORQJSURSHU
RWKHU OHYHOV VWUDLQ UDWH RI   PPPLQ  QXPEHU RI SDVVHV VSHFLPHQ WKLFNQHVV RI PP DQG  KRXUV KHDW
WUHDWPHQWUHVXOWVLQUHDVRQDEOH876FKDUDFWHULVWLFV,QRWKHUKDQGWKHIRUGXFWLOLW\RI6L&PPPLQRIVWUDLQ
UDWHDQGKRXURIKHDWWUHDWPHQWJLYHKLJKHUGXFWLOLW\ERWKQXPEHURISDVVHVDQGWKLFNHQVRIWKHVSHFLPHQKDYHQR
FRQWULEXWLRQ7KHSUHVHQWZRUNKDGWZRPDLQRXWFRPHV)LUVWWKH7DJXFKLDSSURDFKFRXOGEHVXFFHVVIXOO\DSSOLHG
WR LPSURYH WKH SURSHUWLHV RI$O6L& FRPSRVLWHV IRU VXSSRUWPDQXIDFWXUH  7KH VHFRQG RQH LV HDV\ WR SUHGLFW WKH
YDOXHVRI876DQGGXFWLOLW\ZLWKDQ\JLYHQLQSXWV2QWKHRWKHUKDQGH[SHULPHQWVVKRZWKDW6L&FRQFHQWUDWLRQDQG
QXPEHURISDVVHVDUHLQIOXHQFHV WKHVWUHQJWKRI$O6L&FRPSRVLWHVZKLOHRWKHUSDUDPHWHUV DUH OHVVVLJQLILFDQW
6LPLODUO\IRUGXFWLOLW\RQO\6L&DQGVWUDLQUDWHPRUHVLJQLILFDQW
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